Sources of error due to faulty sampling techniques in the measurement of arterial pH and blood gases may be broadly classified under five headings (Table I ). The alterations in measurements which occur as a result of these errors have been well documented by ourselvesI and others.v" However, it may not always be possible for either the clinician taking the sample or the laboratory performing the analysis to identify such errors, which may lead to potentially dangerous treatment being prescribed. I Several manufacturers are now marketing syringes which are specifically designed for arterial blood gas sampling and which attempt to overcome some of the problems mentioned above. We report a laboratory evaluation of three of these samplers plus some comments on clinical experience with one of them.
Materials and methods

DESCRIPTION OF SAMPLERS
Coming Arterial Blood Sampler (Corning Medical and Scientific, Halstead, Essex, UK) The samplers are in the form of self-filling syringes available in glass or polypropylene, with volumes of 2·5 or 3·0 mL respectively. Each syringe contains a pellet of Iyophilised lithium heparin, approximately 100 U, giving a Correspondence: Dr Alan S Hutchison, Department of Biochemistry. Royal Infirmary, Glasgow G4 nSF, Scotland.
final concentration of approximately 33 U heparin/mL in a full sample, which gives adequate anticoagulation." 22 G or 23 G needles containing a second pellet .of lyophilised heparin are also available, pre-assembled on the syringe.
Vents in the syringe plunger circumference allow communication, via a hydrophobic filter, with atmospheric air. The plunger is set to the desired volume prior to arterial puncture; the syringe then fills under arterial pressure, expelling air from the interior, and filling stops automatically when blood comes into contact with the filter. Any air remaining in the syringe can be expelled by terminating the puncture, inserting the needle into a rubber cube (supplied) and depressing the plunger until it stops. A rubber cap for sealing the sample following collection, prior to analysis, is supplied. This cap may also be inserted into the open end of the plunger (forming a seal) if it is desired to use the syringe for conventional aspiration. 
Concord 'Pulsator' (Concord Laboratories Ltd, Folkestone, Kent, UK)
The samplers are in the form of polypropylene syringes sealed with a disposable plastic cap and containing approximately 500 I-tL of sodium heparin solution (1000 U/mL). Also supplied is a rubber vented tip cap into which the syringe may be inserted after sampling, forming an anaerobic seal. If preferred, the needle may be inserted directly into the rubber cap, allowing an anaerobic seal to be achieved through a one-handed operation. Individually-packed sterile 22 G needles are supplied as an option. Prior to sampling, the needle is attached to the syringe and the plunger depressed, thus expelling the heparin solution so that only the syringe and needle deadspace are left containing heparin. A lightweight plunger is employed which allows the syringe to fill automatically when an artery is punctured. The manufacturers claim that the syringe will not fill under pressures of less than 40 mmHg (5·32 kPa), thus differentiating between venous and arterial blood under most conditions. Blood flow is stopped automatically when 3 mL have been sampled. Any air bubbles remaining in the syringe must be expelled using conventional techniques.
Sarstedt 'Monovette' (Sarstedt Ltd, Beaumont Leys, Leicester, UK)
The sampler consists of a polypropylene syringe with a screw-on nozzle tip, capable of taking a sample of volume 2 mL. The syringe contains nine small pellets of neutral plastic, each coated with lyophilised heparin salt.
Prior to sampling, the syringe plunger is withdrawn to an automatic stop; grooves on the inside of the barrel come into contact with the rubber tip of the plunger, thus opening the interior of the syringe to atmospheric air. The sampler fills under arterial pressure; when the sample is complete, pushing forward slightly on the plunger expels any remaining air bubbles and seals the ventilation channels from further contact with atmospheric air. The syringe nozzle can be sealed using a plastic cap which is supplied.
LABORATORY STUDIES
All three samplers were compared with a standard reference technique which is in routine use in this hospital. Briefly, a 5 mL polypropylene syringe and 23 G needle are pre-filled with sodium heparin solution, 1000 lj/mL. The heparin solution is expelled prior to arterial puncture leaving only the deadspace filled. Following arterial aspiration, any remaining air bubbles are expelled and the sample sealed with a plastic cap. All samples were stored on ice prior to analysis on a Corning 178 Blood Gas Analyser. Statistical analysis was done using a paired difference r-test.
The following blood samples were analysed: Corning samplers. Twenty blood samples were obtained as follows:
(a) 10 venous blood samples were taken from normal volunteers into a 10 mL polypropylene syringe and needle whose deadspace was filled with sodium heparin solution 1000 U/mL. Blood from this syringe was then transferred via a small piece of plastic tubing with minimal deadspace to (i) a 5 mL syringe pre-heparinised as above, (ii) a Corning glass sampler and (iii) a Corning plastic sampler. The original sample was used as reference.
(b) 10 arterial samples were obtained via preinserted arterial cannulae and drawn consecutively into (i) a 5 mL syringe pre-heparinised as above, (ii) a Corning glass sampler and (iii) a Corning plastic sampler.
Concord 'Pulsator' and Sarstedt 'Monovette' samplers. Twenty arterial blood samples were obtained via pre-inserted arterial cannulae and drawn consecutively into (i) a 5 mL syringe prepared as above, (ii) a Concord 'Pulsator' sampler and (iii) a Sarstedt 'Monovette' sampler.
Acceptability by patients and users (Corning samplers only)
For a three-month period Corning samplers were used in one medical unit of this hospital. Users were asked to fill out a questionnaire each time a Corning sampler was used, detailing ease (or otherwise) of arterial puncture, syringe filling and air expulsion; whether the patient experienced pain or bruising at the puncture site, and overall preference for the method.
Results
ACCURACY
Means and standard deviations of the measured values for all 20 samples tested with Corning samplers are shown in Table 2 . Arterial and venous samples were analysed separately and together; as there was no significant variation between the groups, the figures quoted are for all 20 samples. No significant differences were seen in any of the measured values between glass or plastic syringes, or between the 'reference' venous samples and the 'transferred' samples. This suggests that there is no appreciable gas exchange at the blood/air interface while the sampler is filling. Table 3 shows the results for the 20 samples measured using the Concord 'Pulsator' and Sarstedt 'Monovette' samplers. The use of both samplers tended to give an over-estimation of the p02 which was satistically significant in this study. The regression lines for the p02 measurements compared with the standard sampling method (Fig. 1) , suggest that the error is more marked with higher p02 levels and is not significant with the Concord 'Pulsator' below p02 levels of 16·0 kPa (120 mmHg). Despite following the manufacturers' instructions throughout for removal of air bubbles from the samples, 13 of the Concord 'Pulsator' Reports on 32 Corning samplers (24 plastic, eight glass) were obtained from nine different users (one registrar, one SHO, five JHOs, one student and one not stated). The results are summarised in Table 4 . Three out of eight glass samplers used did not self fill. A similar percentage of glass samplers failing to fill was noted during the laboratory studies; this was reported to the manufacturers who supplied a fresh batch of glass syringes: no difficulty was encountered in filling 13 out of the new batch under arterial pressure. All six doctors who used the plastic samplers and four of five who used the glass samplers said that they preferred them to the traditional method. Most preferred the pre-packing and the time and trouble saved in not having to add heparin solution, and several felt that arterial puncture was easier and perhaps less traumatic for the patient.
Discussion
When the techniques for the measurement of pH and blood gases were first developed, pre-heparinised glass vacuum containers were widely employed." The development of cheap polypropylene plastic syringes with gas diffusion characteristics similar to glass, largely superseded these containers. However, the need to add heparin solution to these syringes, and to aspirate the sample and expel air bubbles, has caused the types of error previously noted.
We have examined three recently-developed arterial blood gas samplers all of which attempt to overcome, at least in part, some of the potential errors. All three samplers are self filling, i.e. it is not necessary to apply pressure to the plungers in order to fill the samplers. The Corning and Sarstedt 'Monovette' samplers will fill under any pressure which is greater than atmospheric and it should be possible for the user to differentiate visually between venous and arterial blood. Concord claim that the 'Pulsator' will fill down to a pressure of 5·32 kPa (40 mmHg) but not below, and in this study we were unable to fill them under normal venous pressure (n=6). We experienced some difficulty in filling some of the first batch of glass Corning samplers but had no problem with the plastic ones.
The interior of the Concord 'Pulsator' samplers is not open to atmospheric air, and the hydrophobic filter which arrests the blood in the Corning samplers prevents leakage of blood through the plunger, thus making the risk of infection using these samplers no more than that when using the standard technique. However, the interior of the Sarstedt 'Monovette' sampler is open to the atmosphere until the plunger is depressed slightly, so that with a full sample there is inevitably some leakage of the blood from around the plunger barrel. In addition, there is the risk of unscrewing the nozzle of the sampler during the manipulations of sample measurement.
Both the Corning and the Sarstedt 'Monovette' samplers eliminate the risk of diluting the sample with excess heparin solution by using lyophilised heparin salt. The Concord 'Pulsator' sampler still carries this risk if the user fails to expel the pre-packed heparin solution completely.
Air bubbles in the sampling syringe are a common problem. During the period of this study, MLSO's were asked to check every in-hours blood gas sample (whether in a standard syringe or a Corning sampler) for the presence of significant air bubbles. These were present in 23 of 89 standard samples but in only one of 19 Corning samples. In the laboratory studies, precautions were taken to expel air bubbles at the time of sampling, but air was still present in a high percentage of all samples, especially in the Concord 'Pulsator' and Sarstedt 'Monovette' samples. These air bubbles may partly. explain the increased levels of measured paz seen with these samplers, but the mechanisms are likely to be different. With both the Corning and Sarstedt 'Monovette' samplers the blood is in contact with atmospheric air during filling, but there was no evidence of gas exchange across the blood/air interface with the Corning samplers. However, it is possible that air is trapped between the plastic pellets of the Sarstedt 'Monovette' sampler and this may be difficult to dislodge and expel; also, small bubbles were occasionally noted around the site of the Iyophilised lithium heparin pellet in the Corning sampler. With the Concord 'Pulsator' sampler, the very lightness of the plunger makes it easy to draw air into jhe syringe during handling; indeed, we believe that the act of inserting the syringe into the rubber sealing cap may be enough to introduce a significant air bubble.
When compared with paz measurements on blood collected by the standard method, there were statistically significant differences in paz measurements on blood collected with the Sarstedt 'Monovette' samplers throughout the range tested, and with the Concord 'Pulsator' samplers at high levels of partial pressure of oxygen. The clinical significance of these differences would depend on each individual case, and the amount of bias may be offset against the advantages of these samplers.
Clinical studies on the Corning samplers were carried out at the request of the manufacturers. The instructions for using these samplers appear to be the most complex of the three makes tested; however, in general they were favourably received by the clinicians who used them.
In conclusion, we have tested three makes of arterial blood gas sampler which attempt in various ways to overcome the problems of venous sampling, dilution with excess heparin, and the inclusion of air bubbles. None entirely succeeds in all three areas. The Concord 'Pulsator' requires careful handling and retains the possibility of dilution of the sample with excess heparin if the manufacturer's instructions are not completely followed, and the Sarstedt 'Monovette' agreed least well with the standard method.
